Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDD/F) 6 formation was studied, in vitro, with two different chlorophenol mixtures (group 7 "di+tri" 2,4-dichlorophenol; 2,3,4-, 2,3,5-, and 3,4,5-trichlorophenols and group 8 ng OCDD kg -1 chlorophenol). In relation to LiP experiments, only those at 37 ºC 17 showed a moderate increase (from 1.3·10 7 to 2.6·10 7 ng of OCDD kg -1 chlorophenol). 18
Introduction 24
Composting is a well-extended practice of waste reduction that consists of a 25 microbial conversion of material in the presence of suitable amounts of air and moisture 26 into a stabilized product, compost, with the general appearance and other characteristics 27 of a fertile soil. Compost is used as a soil amendment and fertilizer since it is a source of 28 macro and micronutrients to plant growth. According to the composting definition, the 29 organic compounds during the process should be reduced or eliminated, but an increase 30 in the PCDD/F content (especially HpCDDs and OCDD) in compost from sewage 31 sludge has been well documented in previous studies (Hamann et composting facilities found values of 1.53-5.26 ng WHO-TEQ kg -1 (or 2.92-9.22 ng I-38 TEQ kg -1 ) which were lower than the initial content. 39 Therefore, the increase or decrease of the PCDD/F levels during composting seems 40 to depend on the process conditions and initial materials containing PCDD/F precursors. 41
In compost from sewage sludge the precursors necessary for the PCDD/F formation 42 could be introduced to the process through the initial materials, such as sawdust used as 43 a bulking agent that could contain pentachlorophenol (PCP). PCP was used for many 44 years as fungicide to treat wood to avoid woodworm, biocide and herbicide, but 45 nowadays its use is limited because of its relationship with the formation of PCDD/Fs. 46 OCDD and HpCDD also found in compost samples studies ; 74
Weber et al., 1997; Gómez-Rico et al., 2007) . 75
Experiments "in vivo" are also found in literature. Huwe et al. (2000) investigated 76 the formation of dioxins from pentachlorophenol and predioxin nonachloro-2-77 phenoxyphenol in rats. They concluded that predioxin is the compound which leads to a 78 formation of OCDD instead of pentachlorophenol. Nonachloro-2-phenoxyphenol is an 79 impurity present in pentachloropehol and other pesticides. 80
Besides the aforementioned findings, it should be mentioned here that other authors 81 also found PCDD/F degradation by means of biological activity. A group of researchers 82 The white-rot fungi are a physiological rather than taxonomic grouping, comprising 91 those fungi that are capable of extensively degrading lignin (Pointing, 2001) . They can 92 be commonly found in wood, as reported in literature (Lankinen et al., 2001) and grow 93 at temperatures of 36 -45 ºC (Tuomela et al., 2000) . White-rot fungi degrade lignin by 94 means of oxidative enzymes. Because of the nature and size of the lignin molecule, the 95 enzymes responsible for the initial attack must be extracellular and non-specific. The 96 enzymes is still uncertain (Hatakka, 1994) . The catalytic action of their extracellular 98 enzymes can be used for biodegradation of organic pollutants, such as polycyclic 99 aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) (Novotný et al., 100 2004; Oleszczuk, 2007) , but the degradation of these compounds could lead to potential 101 precursors for the dioxin formation. These fungi can produce H 2 O 2 necessary for the 102 enzyme to produce the activity (Öberg et al., 1992) . 103
Agaricus bisporus is a non-white rot and typically litter degrading fungus known to 104 also produce lignin-degrading peroxidases and typically grows on straw-and-hay based 105 compost under standard conditions of the composting process (Bonnen et 
Materials and methods 133
Reactants 134
Lignin peroxidase (LiP, EC 1.11.1.14) and manganese peroxidase (MnP, EC 135 1.11.1.13) were purchased from Sigma-Aldrich. All the chlorophenols were also 136 purchased from Sigma-Aldrich. The following compounds: 2,4,5-, 3,4,5-and 2,3,5-137 trichlorophenol and 2,3,4,6-tetrachlorophenol were analytical standard grade and these 138 or MnP and all other reactants except the chlorophenols, another one containing the 147 chlorophenol mixture di+tri without enzyme and the last one, containing the 148 chlorophenol mixture tri+tetra+penta and no enzyme (see Table 1 ). These four control 149 samples were analyzed to determine the initial PCDD/F content in the reactants and 150 compare it with the final samples. 151
In vitro reactions 152
For each enzyme four experiments were performed in order to study different 153 conditions and compare the results. The procedure was based on that previously used by 154 other authors with horseradish and myeloperoxidase (Wittsiepe et al., 2000) . On the 155 one hand, four experiments were carried out with a mixture of di-and tri-156 chlorophenols, containing specifically 2,4-dichlorophenol, 2,3,4-trichlorophenol, 2,3,5-157 trichlorophenol and 3,4,5-chlorophenol (they will be named as "di + tri" and 158 correspond to experiments 1 to 4 in Table 1 ). On the other hand, another group of four 159 experiments consisted of a mixture containing 2,4,5-trichlorophenol, 2,3,4,6-160 tetrachlorophenol and pentachlorophenol (they will be named as "tri + tetra + penta" 161 and correspond to experiments 5 to 8). The experimental temperatures were 25 ºC and 162 37 ºC. Temperature 25 ºC was chosen as it was the recommended temperature by the 163 supplier for the higher enzymatic activity of MnP and also for MnP formation from 164
Agaricus bisporus (Lankinen et al., 2005) . Experiments at 37 ºC were done at the end of 165 all the experiments and after having seen that there was no enzymatic activity in 166 experiments with LiP at 25 ºC. This temperature is also recommended in the literature 167 for experiments with other peroxidases (Wittsiepe et al., 2000) . The different 168 All reactions were carried out in a buffer solution. The buffer solution used for 180 experiments numbered from 2 to 4 and from 6 to 8 was phosphate (indicated as Phosp), 181 KH 2 PO 4 /K 2 HPO 4 (pH = 5.4), and malonate, C 3 H 4 O 4 /NaOH (pH = 4.5) for experiments 182
and 5 (indicated as Malon). 183
Acetone or ethylene glycol was added to the reaction mixture up to a total volume of 184 2 ml to increase the solubility of chlorophenols due to their low solubility in water 185 (Czaplicka, 2004 
Results

228
The control samples containing the enzymes, LiP and MnP respectively, and not 229 containing the chlorophenols resulted in levels near or below the detection limit and 230
were negligible compared with the results of the experiments. On the other hand, the 231 control samples containing the CPs mixtures showed considerable amounts of PCDD/F, 232 thus indicating that CPs were contaminated with PCDD/Fs. Therefore, all the 233 experiments are compared to these control samples in order to show the increase in the 234 concentration after the reaction. 235
The concentrations in ng kg -1 CP and total TEQ concentration for all congeners for 236 initial samples and experiments are shown in Table 2 and Table 3 increment of 2,3,4,6,7,8-HpCDF and 1,2,3,4,7,8,9-252 HpCDD. OCDF slightly increases in the same experiments. Regarding the 253 concentrations of other congeners and taking into account the estimated uncertainties 254 previously commented, it can be said that their variations are negligible. Experiments 255 with LiP did not reveal variations when compared to the control samples. 256
With respect to the toxic concentrations, there is a remarkable increase in 257 experiment with MnP and Phosphate, but due to the higher toxicity value of 2,3,4,6,7,8-258
HxCDF compared to HpCDD and OCDD, the toxicity increase is mainly due to this 259
congener. 260
From Table 3 , it can be deduced that there is an important increase of HpCDD and 261
OCDD in experiments with MnP as it also occurs with "di+tri" mixture. The higher 262 increase is observed in experiment with Phosphate buffer too. On the contrary, no 263 increase is observed for PCDFs as it occurs with "di+tri", but a remarkable increase is 264 observed in 1,2,3,6,7,8-HxCDD. 
276
In experiment "tri+tetra+penta, MnP, Phosphate/Malonate and 25 ºC" the 2,3,7,8-277 tetrasubstituted congeners contribute to more than 70 % to the total concentration in 278 experiments. There is also a considerable increase in the toxicity, expressed as ng 279 concentration in ng/kg is OCDD) for both mixtures, "di+tri" and "tri+tetra+penta". Note 306 that, in the experiment with the mixture "di+tri" and phosphate buffer a considerable 307 formation of some furans can also be observed. On the contrary, no considerable 308 variation can be observed with LiP in all the conditions studied, included the one carried 309 out at 37 ºC. 
